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PCM MONITOR 

Technical Field 

The present Invention relates to a method and apparatus for acquiring and 
analysing PCM data In a communications system. 

5 Background Art 

In a complex communications environment Involving thousands of telephone 
cIrcuHs, It Is essential that on-going monitoring and cpiaBty analysis be performed. This 
is particularly the caso k\ the field of pulse code modulation, or PCM. In PCM, a signal Is 
encoded as a stream of dglts, which are transmitted as cfigit^ pulses. Individual voice 
1 0 circuits are multiplexed to form a PCM stream. However, there are as yet few 
Instruments available for monitoring traffic contained In PCM streams. Such 
Instruments as are available are predominantly hardware based and Inflexible In the 
range of functions which they can perform. 

One class of devices merely samples PCM channels sequentially to provide 

1 5 estimates of voice and data traffia Other devices requb^e Introduction of test signals. 

thereby utilising valuable system capacity, and do r>ot examine real life telephony 
signals. 

There is accordingly a need for a flexible PCM monitoring system which can 
perform a wide variety of monitoring and analytical fanctlons. and is capable of t>elng 

2 0 reconfigured to meet future needs in this area 

Disclosure off Invention 

One aspect of the present invention relates to a method of analysing PCM 

communications, comprising: 

( a ) extracting a PCM sample of PCM data of predetermined duratfon from a 

2 5 selected a*rcult; 

( b ) processing said sample to produce a non-compressed corresponding data 

sample; 

( c ) storing said data sampie in menx>ry; 

( d ) performing a processing operation on said stored data sample; and 

3 0 (e) producing a signal Irxiicatlve of at least one parameter assodated with said 

PCM san^^le. 

According to another aspect, the present Invention comprises apparatus for 
analysing PCM communications, comprising in combination: 

( a ) Interfacing means for connecfing to at least one PCM stream arKi allowing 
3 5 selection of any drcuit wltWn said PCM stream; 
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(b) sampllna means for extracting a PCM sample of predotemilned duration 
from sakJ circuit; 

(c) processing means for producing a non-compressed data sample 

corresponding to sakJ PCM sample: 
5 (d) memory means for storing sakJ data sample: and 

(e) further processing means for performing a data processing operafion on 
said data sample and producing a signal Indicative of at least one parameter assodated 

with said PCM sample. 

Brief Description of Drawings 

1 0 . Further advantages win be apparent from the following description of an 
illustrative embodiment with reference to the drawings. In which: 

Rgure 1 Is a block schematic diagram of the overall arrangement of the 

Invention; and 

Rgures 2 to 7 niustrate visual displays of samples of circuit waveforms In 

1 5 various drcumstances. 
Detailed Description 

The quality monitor according to the present Imrention Is preferably hosted by a 
PC. such as an IBM compatible PC (AT type). It should be appreciated that the exact 
proi^ssor used to bnplemenl the Invention Is by no means a limitation on the scope of the 

20 present invention. 

The embodiment of the present invention which wffl be described in detai can 

monitor 8 PCM sUeams (both transmit and receive paths) with up to 248 PCM cfrcuits. 
It can detect, measure, and report on echo and oflier transmission hnpalnnents such as 
excessive signal levels. PCM coding errors, and codec level saturation. H can also help In 
25 the Investigation of more obscure defects such as incomplete echo canceBafion due to 
distortion of the echo signal. The Inventive device wiD also provide reports on traffic 
classifications such as Voice. Data and'Other fidle AIS etc). 

The present Invention aflows for non-intrusive measurement of live telephone 
traffic so as to provide objective measurements of call quality. Importantly, the 
r «..oh that lha measurements are indicative of call quafity as 



30 



experienced by users of tfie communications network. 



The effective acquisHion of data and analysts of flie data witfaout perturb&ig the 
communica&wis network are Important aspects of the invention. 
35 Referring to Figure 1. sample data Is acquired from PCM streams 30 via a 4- 
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wire interface 19 lo acquisition module 17. This requires the steps of : 

( i ) selecting the PCM stream contaii^g the drctit lo be analysed; 
(it) selecting th circuit within the selected PCM stream to be analysed: 
(ill) sarr^ing PCM data lor a predetermined time period (for Instance 1 .0 to 
5 5.0 seconds) from ttie selected drctA and storing It in the PC memory 14; and 

( I V ) converting the stored data from PCM format to a non-compressed format 

(sample data) suitable for analysis by the quality monitor. 

The interface with the PCM stream is preferably via high impedance probes, so 

as to minimise the intrusiveness of the operation. 
1 0 During step(iiO. aJ* samples occurring over the sample period, in both 

directions of the connection, are stored in memory 

Step Ov) is preferably performed by means of a lool<-up table, in CCITT G.71 1 

standard PCM, each compressed format 8-blt value has a non-compressed 12-blt 

equivalent. The conversion may be performed by referring lo the memory location 

1 5 referenced by the compressed format and extracting the corresponding rvMi-compressed 

12-bit value. 

The sample data may then be dealt within a variety of ways as required. An 
important advantage of the present invention is that the data once extracted for each 
sample period may be stored and reviewed or pnx:essed at leisure. The exact reasons for 

2 0 sampling or monitoring need not be apparent when the sample b monitored -any desired 

analysis may be performed as and ¥rtien required. Moreover, analyses* may be performed 
which are difTicult or Impossible in real time, for example echo estimation, noise 
measurements, peak and average signal levels. PCM cod^ saturation and PCM coding 
errors. This analysis Is carried out by the DSPU 15. It may be directly stored for later 

2 5 review, using memory 18 or external memory devices 22, or cfi^tayed on the VDU 

screen 21 after processing by display module 13. 

One of the first operations which is generally performed during either sampling 
or monitoring is to determine the type of signal being dealt with Le. whether we have 
speech or data or no activity. This is done by quantily&ig the way the activity level is 

3 0 changing in the captured sample. Data type activity tends to be very constant in its 

activity pattern whBe speech activity tends to be variable. 

The actual values in a sarr^ are also examined. If all samples in a sample period 
had only one value (I.e. a constant signaO then we conclude that the circuit was either 
STATIC/IDLE or AIS. Which Is the case depends on the vahie HseW. Also the range of 
3 5 values in a sampf is examined. The analysis of the values in a given range yields such 



I 
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information as the presence of level saturation anchor the preserve of coding erro^^ 

,f a display of the captured sample Is required then the video controller of the PC 
is switched into Dlt-mode- and the captured sample is Wt-mapped- onto the screen, as 
Is wen understood by thosa skffled In the art 

Passh/e echo analysis may be carried out to detennlne echo delay and magnllode. 
Delays of at least 1050 ms may be Identified and quantified using the Illustrated 
embodiment of the Invention. TWs Is perfomied by cross^lation to locale signab 
and images, and the time delay and reflection coefficient can tten be readily detemiU^ 
1 0 This technique can therefore passively monHor both near and far end 

when this data and the known circuit and ttie time data are compared with TCDP d^ 
relating to cafl destination and routing, the source of echo can be located and recufied. 
This b a very powerful tool for locating and eBmlnatlng problems In local and remote 

networks. _ _ . 

1 5 The alflorittim that detects and quantifies echo Is a two stage process. The first 

process consists of a cioss-correlation (done In tiie frequency domain) to detect and 

•roughly quantify an echo. The second process consists elflier of cross-correlation in 

time or an adaptive^ter type process (least-mean-squares). boUi evaluated over tt»e 

delay reported by tiie first process. The purpose of tiie second process Is to precisely 

20 quantify the echo. . 

Furtiier. as the monitor is adapted to be left on a poO. monitor, and store bass 
connected to a set of PCM streams, ttie data may be accumiteted for later attention to 
abnormalities. 

similarly, the monitor can monitor noise on a long term basis and h.ghOght 
25 unsuspected or unlocated problems. Trials of the system have located problems 
associated with peak cfipping. coding errors, and hamionic distortion whose existence 
was prevfously not suspected. The present invention is capable of discovering and 
locating errors whfch would either go undetected with existing apparatus or whose 
discovery woukJ be extremely time consuming and labor Intense. It will be appreciated 
3 0 that in tfie monitor mode of operation, samples are generally hekJ for so long as necessary 
to exUact ttie required data and tiien deleted. 

A ftmher advantage of the present Invention Is that a provides for dsplay of flie 
PCM streams, not merely statistics. This has proved experimentally to be of great 
assistance in kxating a»d recognising problems and Is not provided In existing systems. 
3 5 Rgure 2 itiustrates a typical nonnal speech transmission wHh no echo evident 
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Figure 3, however, shows a display where tw presence of far-end echo is apparent The 
RX signal Is a delayed and attenuated replica of the transmitted slgnaU The BX signal is 
ampimed to make the trace more legit>ie. As the horizontal axis represents atx)ut 5 
seconds, the echo is delayed by alxxit 1 second. Figure 4 Otustrates a trace exhibiting 
5 near^end echo - the near gikI of the trartsmittlng link is transmlt^Hl ocho t>ack to the far 
end of the transmlssk>n Bnk. The delay Is. as a consequence, nriuch shorter. 

CCnr. Rec. G.711 states that PCM can handle signal levels whfch, when 
quantised, cooespond to the 12-bil number 4032. When anak>gue signals above 
this level are Input into a PCM coder it 'dips off the levels above the saturatton 
1 0 threshold. When the PCM signal Is converted back to analogue form bi the receiving 
end. It will k>ok as if its peaks have been clipped off. Figure 5 Illustrates a signal 
exhibiting level saturatton on the receive path. The Inventfon may be used to detect 
codec saturatton and excessive levels, and report the maximum and average levels for 

tx^th the transndt and receive Gnes. 

1 5 Level measurements are vital in the quallty-monltorlng process t>ecause 

saturation may cause perceptible harmonic and Intermodulallon distortton t 
conversattons. Moreover, excessh^e levels may cause problems to data eqpj'9>ment and 
are likely to Jeopardise the correct fufK:ttonIng of echo carKsellers, resuWng In 
excessive echo. 

2 0 Coding errors occtH- when an analogue signal is within amplitude range of the 

PCM scheme. l>ut is not coded correctly from analogue torm at the transmitting end. 
When this occurs customers are Hkely to hear •holtow', distorted speech, and (teta 
traffic may be corrupted- Figure 6 Blustrales the display associated with such errors. 
Because the frtventive morulor detects and displays cxxfing errors, corrective actfon can 

25 be initiated early. 

Figure 7 Illustrates the display associated with data traffk: on both transmit 
and receive paths. PreferatOy. the monitor is an^anged such that an initial sampling 
for about 1 second occurs, after which the sample is processed to determine whether 
the circuit is carrying vofco or non voice traffic If the sample is non voice, no further 

3 0 sample is required. If . fwwever. the sample is a voice sigrial a further about 4 second 

sample is requffed to allow for echo detecSon. 
* it will be understood that overall control of the monitor is preferably 

undertaken by control software 12, via an operator Interface 11 and suitable input 

means such as a keyboard 20. 
3 5 The monitor accorcfing to the present Invention may be renx>tely accessed and 
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dala downloaded via any suHaWe Ik*. Ibf lns.an« serial or telephone «nes TKb In 
lum allows for a set ol monitors to be eontolled fcon. a slngl cenual location. It la 
also noted that the Inventiye device may also be used to monitor 4-wlre anatogu. 

connections. ^ . 

It will be apparent lo those skilled In the art that variations and addltons are 

possible within the spirit and scope of the Invention described without departing liora 

the general Inventive concept 
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CLAIMS 

1 . A method of analysbH) PCM communications, comprising: 

5 (a) extractInQ a PCM sample of PCM data of pfedetermkied duration from a 

selected circuit; 

( b ) processing said sample to produce a non-compressed corresponding data 
sample: 

( c ) storing said data sample In memory; 

10 ( d ) performing a processing operation on said stored data sample; and 

(e) producing a signal indicative of at least one parameter associated with 
said PCM sample. 

2. The method of Claim 1. wherein steps (d) and (e) are performed a pluraBiy of 
1 5 times in respect of different parameters. 

3. The method of Claim 1 or Claim 2, further con^Mlsing: 

(0 (fisplaying a visual indication of said parameter. 

20 4 . The method of Claim 1 . further comprising: 

( g ) displaying a visual representation of said data sample. 

5. The method of Claim 1. further comprising the step of seiecCng a desired PCM 
stream from a pluraHty of streams and selecting a PCM circuit from a PCM stream 

25 comprising a pluraTity of such circuits. 

6. The method of Claim 1. wherein the skjnals indicative of parameters are stored 
in a further memoiy means and the method is repeated for a pluraBty of circuits so as 
to produce a set of data stored in said menwry representative of selected system 

3 0 statistics. 

7 . A memod of analysing PCM communications, oomprisirKi: 

( i ) extracting a first PCM sample of PCM data off predetermined Airation 

from a selected circuit; 
35 (ii) process&ig said sample to produce a non-compressed corresponcfing data 
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sample: 

(ill) storing saW data sampte In memoiy: 
(Iv) performing a processing 



,vi) If the circuit Is ear-yln, voice treWc. ex,«cln9 . second sampl. of 
PCM data of predetemilned duration from sakj sateoted droilt: 

„.,) processlno said second sampte to produce a non-con.pressed 



sample; 

data saipfrfe In memoiy; 

coW Stored second 



10 (Ix) pertormmfi 

aid 

(x) produdng 
circuit. 

15 8. Apparatu! 



Wertadng means for non-lnUuslvel, coan«=tin, » a. least one PCM stream 
a.>d allowino selection of an, circuit willUn said PCM sl«an,: 

sampnnB means for e«.racUng a PCM sample of prede.erm».ed duraton from 



said circuit; 



pn,c;ssin, means f6r produdn, a n»,«mpressed data sampte corresponding 
PCM sampte and memory means for stodng said data sampte: and 

further processing means for performing a data processing »P«'«'""J» 
sampte and producing a signal indicative of a. teas, one parameter assoaated wrth 

PCM sample. 
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